,%ectioit of Eberapeutico allb pbarimiacoloo President-Sir WILLIAM WILLCOX, K.C.I.E., C.B., C.M.G., M.D., F.R.C.P.Lond. [June 11, 1940 ] DISCUSSION ON CLINICAL EXPERIENCES WITH SULPHATHIAZOLE IN THERAPY OF STAPHYLOCOCCAL INFECTIONS Dr. A. J. Ewins: Some introductory remarks on sulphonamides.-This meeting is concerned with the treatment of staphylococcal infections with espocial reference to the use of a new chemotherapeutic agent of that class of compounds now generally known as " the sulphonamides ". This new product, to which the name sulphathiazole has been given by its sponsors in the U.S.A., has recently been the subject of a number of publications in that countrv, both experimental and clinical, in which it has been claimed that the drug has certain advantages over the hitherto known sulphonamide derivatives, particularly as an effective agent against the staphylococcus and also as an antipneumococcal agent which is at least as effective as sulphapyridine and is moreover better tolerated and of lower toxicity than the latter.
It has been suggested to me, therefore, that it would be of interest to you if I were to indicate the development, from the chemical point of view, of this and some of the betterknown sulphonamide compounds which have come into 'clinical use since the original epoch-making discovery by Domagk of the in vivo anti-bacterial activity of "sulphonamidqchrysoidine" the original Prontosil, later known as Prontosil Red.
This compound was first synthesized by Mietzsch and Klarer [1] . It has the formula NH2 NH2< N =N SO2NH2 and is a red "azo dyestuff ". In 1935 Domagk [2] published a full account of its anti-bacterial action and showed that it could effectively afford protection to mice infected with a virulent strain of Streptococcus hamolyticus. It was also shown to exert some curative action against staphylococcal infections in mice. Two other closely related products which have found clinical application are Prontosil Soluble CH,CONH NNY>NNcI SO2NH, NaSOJ Y3 kSO3Na shown by Domagk to be an effective anti-streptococcal agent and a French product, Rubiazol, NH2<70 N S2NHZ COOH which was studied by Levaditi and Vaisman [3] and found to be similarly active. Trefouel, Trefouel, Nitti, and Bovet [4] from the study of a large number of azobenzene compounds showed that only those derivatives which contained a sulphonamide group attached to a benzene nucle'us were active. They then deduced that these compounds were broken down in the organism with -formation of p-aminobenzenesulphonamide and showed ahat this product itself exhibited an activity comparable with the most active of the original azo-dyes. This observation was quickly confirmed by Goissedet, Despois, Gailliot and Mayer [5] in France and, in this country, by Buttle, Gray and Stephenson [6] as well as by Fuller [7] who also showed conclusively that p-aminobenzenesulphonamide is formed in the tissues when prontosil red is administered orally to animals or to the human subject. p-Aminobenzenesulphonamide, which is now generally known as sulphanilamide, is not a new compound but was first prepared as long ago as 1908 by Gelmo [8] . It is now probably the most widely used of all the compounds of this class. I'he discovery of its activity, not only as an anti-streptococcal agent, but also as a curative agent against meningococcal, gonococcal and to some extent pneumococcal and staphylococcal infections stimulated research in this field to an enormous degree and it was not long before derivatives were prepared for which claims for lessened toxicity and other advantages were made.
Among these, two products known in this country as proseptasine and soluseptasine respectively have found clinical application. Proseptasine is p-benzylaminobenzenesulphonamide, C CH2 NH KjSO2NH2 and was first prepared by Goissedet and his collaborators [5] .
The efficacy of the drug as an anti-streptococcal agent was confirmed experimentally by Whitby [9] . It is one of the least toxic of the sulphonamide compounds and has been successfully used in the treatmnent of streptococcal infections, such as streptococcal meningitis, erysipelas, tonsillitis, &c.
Soluseptasine is the disodium salt of p-(.-y-phenylpropylamino) benzene sulphonamide adisulphonic acid KIC>I:I:CH.CH2.CH. NHiO602NH2
I I SO3Na SO3Na
It has the advantage of being readily soluble in water, giving a neutral solution and is readily hydrolysed, giving rise to sulphanilamide. It is in fact an effective soluble form of the latter drug.
A further contribution to the study of these compounds was made by Domagk [10] , by the investigation of a series of products which were described as Diseptal A, Diseptal B, and Diseptal C, of which Diseptal A is better known as Uleron. and may be regarded as derived from combination of two molecules of sulphanilamide and substitution of the hydrogen of the terminal sulphonamide groups by one or two 675 methyl groups. It was claimed that these compounds were as effective as sulphanilamide as anti-streptococcal agents, but that there was a striking increase in efficiency against staphylococcal infections in all three compounds. Uleron has been used to some extent for the treatment of gonorrhcea but is liable to produce a form of peripheral neuritis.
A product which has also been introduced for the treatment of gonorrhoea is known as Albucid. It is a p-aminobenzenesulphonacetamide NH/33'S02NHOCCH3 an acetyl derivative of sulphanilamide in which the acetyl group is substituted in the sulphonamide group in contrast to the acetylamino derivative which -is formed in the organism when sulphanilamide is administered to animals or man.
The researches carried out in our own laboratories started from an observation by Buttle [6] and his collaborators, who showed that p-aminobenzenesulphonanilide was an active anti-streptococcal derivative of sulphanilamide. This product has the formula NH SO2NH in which a phenyl group is substituted for one of the hydrogen atoms of the sulphonamide group. Previous investigationls carried on in Fourneau's laboratory in Paris [11] had shown that further substitution in the benzene nucleus of p-aminobenzenesulphonamide resulted invariably in diminished anti-bacterial activity of the resulting compound and also that the para position for the amino group in relation to the sulphonamide group was essential for maximum activity. It by no means followed, however, that substitution in the terminal benzene nucleus of Buttle's compound would not lead to enhanced activity. A number of such substituted compounds were therefore prepared and it was found that the introduction of an amino group into this nucleus did in fact result in increased anti-streptococcal activity, the produict p-p' diaminobenzenesulphonanilide NH2 SO2NH< NH2 being found by Whitby [9] to be as effective as sulphanilamide as an anti-streptococcaJ agent. The isomeric compound p-in' diaminobenzenesulphonanilide was found to be equally active. The toxicity of these products, however, precluded the possibility of clinical trial. ' In these compounds one of the hydrogen atoms of the sulphonamide group is substituted by the basic aniline group and this suggested that substitution by the other basic groups might be generally advantageous. Our investigations were th,erefore directed to the preparation of derivatives in which the aniline substituent was replaced by such basic grotups as pyridine, quinoline, isoquinolifie, &c. The first compound of this type to be prepared was 2-(p-aminobenzenesulphonamido) pyridine, NH2< SO2NH N the compound which is now generally known as " sulphapyridine " or 1M & B 693. This was found by Whitby [12] to be equal to sulphanilamide as an anti-streptococcal agent but far superior to it as an anti-pneumococcal agent, affording a high degree of protection to mice heavily infected with pneumococci of various types [1]. Of the clinical success of this product not only as an anti-pneumococcal drug but in the treatment of streptococcal, meningococcal, gonococcal, and bther infections, the literature of the last two years bears adequate witness. Successes in thettreatment of staphylococcal septictmia have also been recorded.
AUGUST-THERAP. 2
A very considerable number of variously substituted pyridine and quinoline derivatives of this type have since been examined. Many of these showed varying degrees of antibacterial action. None has proved to be experimentally superior or even' equal to sulphapyridine as anti-pneumococcal compounds, although some few have been found to be antistreptococcal to a marked degree. The results obtained with sulphapyridine led us to turn our attention to other heterocyclic basic derivatives of sulphanilamide and early in 1938 one of my colleagues, Mr. G. Newbery, prepared the corresponding thiazole compound 2-(p-aminobenzenesulphonamido) thiazole or " sulphathiazole S -CH NH2 SO2NH-C CH \N It was investigated by Whitby for anti-streptococcal and anti-pneumococcal activity in infected mice and was obviously a product of considerable interest. It was as effective as sulphanilamide and sulphapyridine against Streptococcus hamolyticus in the experimental animal, but a close comparison of its pneumococcal action in infected mice led us to the conclusion that while superior to sulphanilamide in this respect, it was definitely less active than sulphapyridine. No really satisfactory method for the comparative evaluation of these drugs against staphylococcal infections appeared to be available just then and experimental work in that direction was not, at the time, undertaken. The clinical assessment of the value of these drugs in human staphylococcal infections is likewise not likely to be easy, and it would appear that only experience will show whether the hopes aroused by the introduction of this compound will be justified.
Research on these products which began in Germany, and was continued in France and in this country, has now inevitably become mainly centred in the U.S.A. During the past few years a number of publications dealing mainly with the chemical aspect of the subject have appeared. Although claims have been made for many of the compounds described as being of considerable activity against bacterial, and even in some cases, virus infectiors, the sulphathiazoles alone appear to have attracted widespread interest or to have achieved any clinical success.
A recent paper by Fildes [13] suggests that the sulphonamides and other bacterial compounds most probably act by specific interference with metabolites essential for the growth of bacteria. Woods [14] has shown for example, that p-aminobenzoic acid, a constituent of extract of yeast, which is also for other reasons regarded as an essential metabolite for bacteria, counteracts the action of sulphanilamide in vitro while Selbie [15] has shown that it can also neutralize the curative action of sulphanilamide in mice infected with a Streptococcus hxmolyticuts. and drawing attention to the fact that sulphapyridine, like nicotinic acid, contains a pyridirne group,, and sulphathiazole, like vitamin B, a thiazole group, Fildes suggests that chemotherapeutic research might well be directed to making "such modifications of known essential metabolites " as will have the characteristics which he suggests as necessary for successful interference with these substances. It is perhaps of interest to note that nicotinyl p-aminobenzene sulphonamide and 2-(p-aminobenzene sulphonamido) pyridine (the pyrimidine ring being also a constituent of vitamin B1) have recently been, prepared in the U.S.A. and are stated to be active anti-bacterial compounds of low toxicity. 8 GELMO, /. f. Prakt. Chemn., I908 (2) Mr. E. C. B. Butler: Staphylococcal septicaemia is a much more common and more fatal condition than many people realize. Every death from osteomyelitis, nearly every fatality from cavernous sinus thrombosis and many from boils, carbuncles and infected fingers can be attributed to the Staphylococcuis aureus. These fatal cases are often sudden in onset and death may take place in two or three days from an overwhelming staphylococcal bacteriemia. Any treatment to be effective must therefore be started at the beginning of the disease; a patient whose blood culture runs into hundreds of colonies of staphylococci per c.c. is generally past all therapeutic aids.
During the last eight vears 51 patients died at the London Hospital of bacteriacmia which arose either from osteomyelitis, boils, carbuncles or infected fingers. 40 of these were due to the Staphylococcuts aturetus and only 11 to the haemolytic streptococcus. Staphylococcal bacterialmia is very much more common and equally as fatal as halmolytic streptococcal blood-stream infection.
Any treatment which is claimed to cure staphylococcal infections must either be ableto cure patients who already have a positive blood culture or else accelerate recovery in those lesions which experience has shown may give rise to bacteriemia, e.g. carbuncles of the face.
In these severe cases we must first try to raise the resistance of the serum to the toxins produced by the staphylococcus. Dr. Valentine has shown almost conclusively that the leucocidin is the important toxin and also that the majority of patients have a low antileucocidin content in their blood for the first few days of the disease in severe types of infection. We therefore now give to every patient with a severe staphylococcal infection 25 c.c. (about 20,000 units) of staphylococcal antitoxin with a high anti-leucocidin content Secondly can we give any drug which may help in the destruction of the staphylococci once the patient's resistance has been raised either naturally or by antitoxin. I have used sulphanilamide, sulphapyridine and uleron but have been unable to satisfy myself that any of these drugs affected the course of the severe cases. Sulphathiazole next came into prominence owing to the work done on it in the United States and I eagerly welcomed the opportunity to try it. Thirdly the problem of eliminating the focus from which comes the blood infection in those patients with a persistent or increasing bacteriaemia must be solved at the earliest moment. 
Conclusionzs
The treatment of staphylococcal infections is more difficult than that of the haemolytic streptococcus. In streptococcal infections we have a drug which can inhibit the full development of the organism, particularly when the immunity of the patient's serum is raised. In staphylococcal infections, however, although by antitoxin we can raise the patient's resistance against the invading organism, I do not think we have as yet found a druig capable of affecting the staphvlococcus as sulphanilamide affects the streptococcus. Sulphathiazole seems to have little or no beneficial effect on staphylococcal infections ,,here there is a positive blood culture. It may be of benefit in patients where the septic focus has been removed or who are suffering from a localized lesion such as a carbuncle or cellulitis. Further examples of such cases should receive treatment in the hope that the incidence of bacterioemia in these patients may be reduced. Since in my experience all deaths from staphylococcal infection are due to bacteriiemia and its complicating abscesses it does not appear at present that sulphathiazole will appreciably lower the high mortality of these cases. In all cases early bacteriological diagnosis is essential, supplemented by quantitative blood cultures when possible in cases .with bacterizemia.
Sulphathiazole if tried should be given in adequate doses: a minimum dose of 2 grm. at the start and 2 grm. four-hourly until an average of 30 grm. has been given. In severe cases 2 grm. two-hourly would not be an overdose provided that a differential white cell count be made at the end of the second day. Lastly these drugs should not supplant conservative surgery or the giving of adequate antitoxin when that is available.
Dr. H. Moreland McCrea: My two cases, both septicaemia following carbuncles, treated with sulphathiazole, differ in two important points, in that the first had his first dose of sulphathiazole six weeks after the appearance of the carbuncle and in the second it was given on the tenth day. Case i. AV. H. S., male, aged 40, first seen January 30, I940, suffering from a carbuncle on the back of the neck the size of a half-crown. This exuded pus from multiple follicles, and there was much infiltration in surrounding tissues. The carbuncle gave a pure growth of Staphylococcus autreuts. The patient was a heavy cigarette smoker and his alcoholic intake was at times above the normal. He gave no history of trouble wNith his bowels or kidneys and there was no past history of any serious illness. He owns and manages a large engineering works.
Oz examination.-Nothing abnormal was found. There wvas no septic focus in upper air passages. His blood-sugar at 4.30 p.m. was I63 mgm. per io0 c.c. but the next day the figure for his starving blood-sugar was I02-6. He wx-as treated on the usual conservative lines of fomentations, &c., and wNas not submitted to any surgical interference. At the end of a Nveek when he left the nursing home his general condition wA-as good. There was a small area of healthy granulations at the site wvhere the carbuncle had been. The following day he complained of very severe pain in the left ilium over an area about the size of the palm of the hand, 2 to 3 in. belowv the crest of the ilium and 2 in. from the sacro-iliac joint. Palp)ation over this area revealed nothing definite beyond some thickening of the tissues. Tenderness wvas exquisite over one spot about the size of a shilling in the centre of this area.
He was then readmitted to the nursing home. The pain became more intense and at the end of the first forty-eight hours w-as radiating dowvn the front of the thigh. Reflexes at this time wvere quite normal. Twenty-four hours later, the nineteenth day of the illness, the temperature wvhich had been round the normal mark suddenly rose to 105°b ut no rigor occurred and blood taken at the height of the rise remained sterile on culture.
Leucocyte count rose to i6,ooo with 9I % polymorphonuclears. The temperature wvas not accompanied by any localizing sympjtoms and in three days was again normal. On the twentv-sixth dav of the illness the temperature rose suddenly to 104°with a severe rigor. Blood culture again proved sterile but many StaPhylococcus auzreuts, the same type of organism as that grown in pure culture from the carbuncle, were found in the urine. Here this organism was found continu,ously till the temperature finallv reached normal but its. presence was never associated with pus in any considerable quantitv. On the twentv-eighth dav he expectorated a small quantity of sputum w-hich gave a heavy growth of Staphylococcus atureus. The pain in the ilium had continued in great severity, up to this time and had extended down the front of the thigh as far as the knee-joint. Both elbowv-joints now became involved causing exquisite pain on movement. No X-ray evidence of anv lesion wvas found in the ilium or in the joint but an abscess w as discovered on the right side in the ascending ramus of the pubic bone. This wvas opened and drained. No organisms were growvn from the fluid contents of this small cavity, but a piece of degenerate bone gave a pure culture of the same type of organism already found in the carbuncle. Six daw s later, the thirty-fifth day of the disease, both elbow-joints became distended w-ith fluid. These were aspirated and again the same type of organism was found on culture. Expectoration now became more excessive: again the organisms wvere found. This wvas derived from the right base which show-ed some crepitations; at no time w-as there anv evidence of an infarction. The first dose of sulphathiazole wvas given on the fortieth day of the disease, wvhen the patient's general condition was deteriorating. 6 grm. were given in the first tw-elve hours and then the dose was reduced to i grm. four-hourly.
The improvement in the patient's condition showved itself in the first twentv-fouu hours. Seventy-two hours after the first dose was given the splints, wvhich had been necessary on both elbow--joints, were temporarily removed and active movements of both joints were performed wvithout pain. This improvement held till the sixth day when a circumscribed swelling appeared in the triceps of the left arm. After 25 grm. had been taken the sulphathiazole wNas stopped owing to extreme nausea and to the fact that the urine -as becoming scanty and contained some microscopic blood and granular casts. During the next fewdays the swvelling in the arm became much larger and very tender till it w-as about the size of a hen's egg; this was associated Nvith a temperature, though never above ioI°. Four days after the last dose of sulphathiazole it was started again. 2 grm. were given and repeated four-hourly. In the next twenty-four hours multiple painful raised red papules about the size of a shilling appeared on the front of the right tibia and a small swelling was palpable at the insertion of the deltoid muscle. The second course was continued for six days but owving to the return of nausea it was not possible to give it four-hourly with any regularity. At the end of this period the temperature was normal and all symptoms were improving. During this second course he took in all 23 grm. Convalescence now followed. There wvere no further rises of temperature: the Ipainful p)al)ules disappeared and the swvellings in the arm graduallv subsided. Marked wvasting of the muscles all over the bodv had occurred and on getting him out of bed it was found that he had loss of p)owqr in the extensors of the right knee-joint and he still had tenderness in the right buttock within the previously painful area. It w-as concluded that this pain had been due to a toxic neuritis of the 2nd, 3rd and 4th lumbar roots. With faradic treatment combined with massage and exercises the muscles involved are now-practically normal.
The anremia which developed in the latter part of his illness has gradually improved and his blood picture is now normal. His joints shownormal painless range of movements and all his swellings have disappeared leaving no trace.
Considering the train of symptoms this can be accepted as a true case of septicoemia although the blood examination proved sterile. It may be argued that there is not sufficient evidence that the sulphathiazole arrested the infection, for it can be said that 681 the patient's immunity to the poison was being gradually built up before its administration but the striking points in favour of the curative powers of this compound are: (1) After its administration the purulent fluid did not again collect in the elbow-joints and these to-day show a normal range of movements. (2) The large swelling in the triceps muscle did not break down and form an abscess as might have been expected. (3) The swelling in the deltoid never assumed serious proportions and quickly disappeared. (4) The organisms disappeared fromn the urine after the second course of sulphathiazole. Case 2. Miss G. G., aged 33, came under mv care ten days after a carbuncle appeared on the back of her neck. It was large and deep with much infiltration around and was discharging freely.
Past history.-Nothing noteworthy. On examination.-General condition excellent. Culture of pus from the carbuncle gave a pure growth of Staphylococcuis aureus. Blood-count showed s,ojo,ooo R.B.C. and 24,687 W.B.C., 8o% of which were polymorphonuclears. Blood-sugar w-as 132 mgm. per IOO c.c. Treatment on conservative lines was adopted. The day after admission to the nursing home the temperature suddenly rose to I05'. Blood culture at the height of the temperature gave a p)ure culture of Staphylococcus aureus. Treatment wvith sulphathiazole was commenced, the initial three doses being 2 grm. four-hourly: unfortunately the patient began to vomit as a result of the drug and the intervals between doses becamne irregular and the dose itself was reduced to I grm. Apart from the carbuncle there was no definite lesi,on to be detected yet the temperature remained at a high level. This could have been accounted for by the acute spreading inflammatory process at the base of the carbuncle.
Sulphathiazole was stopped after six davs: in all 28 grm. were given. On the second day after the first dose of the drug the temperature show-ed signs of dropping but on the fourth day it suddenly rose again to I03°associated w-ith acute pain in the epigastrium radiating round the left lower costal region. There ,was also marked distension of the abdomen and loss of breath sounds in the left low-er chest. Blood culture was negative. Leucocytes rose to 20,3I2 after these had been showing a steady fall, polymorphonuclears being still 860%. Administration of tablets was again commenced but only continued for twenty-four hours. The breath sounds gradually began to come through at the base of the left lung three days later. About the same time the patient produced a large plug of sputum typical of that associated with an infarction. The old blood-clot in this sputum gave a pure growth of Staphylococcus aureus. The patient nowv made slow and steady progress till she left the home at the end of the seventh week of her illness. The lung graduallv cleared but an X-ray before she left showed thickening round the bronchioles but no evidence of fluid or an abscess cavity. We found while giving the tablets granular casts and some blood in the urine but only on three occasions wvere the organisms found in any quantity.
A few days after she left the home she tw isted the right knee-joint wvhich rapidly filled with fluid. The doctor in charge aspirated it but he found only a clear serous fluid sterile on culture. In this case sulphathiazole was given before immunity against the intection was established; therefore the points in favour of the curative effect of the drug are: (i) The only complication was infarction of the lung. This wvas a septic infarction yet no absce'ss of the lung or empyema followed it. (2) No other complications occurred. (3) An injury to the left knee Ni-as followed by a sterile effusion:
The two difficulties in these cases were nausea as a result of the administration of the drug and a diminution in the secretion of urine, this latter containing granular casts and blood corpuscles. The amount of pus in the urine in both cases never assumed such proportions as to suggest a localized infection in the kidneys or their surroundings. A reduction of red cells in the blood was found in both, in the first case before the tablets were given and in the second after their administration. Since this grave infection has always been associated with a reduction of red cells, no conclusion can be draw'n from these findings.
Dr. G. Melton: I have had the opportunity of treating six cases of osteomyelitis and five cases of carbuncle of the face with sulphathiazole.
Case I.-I. S., female, aged i6. Acute osteomyelitis of the lower end of the radius and ulna. The infection followed open reduction undertaken for fracture. A culture of pus taken from the w-ound showed Staphhylococcus autreuts, Stre/,tococcus hanzolyticus and B. welchii. There was no clinical evidence of gas gangrene. The condition improved, but did not clear up after 21 grm. of sulphapyridine. Folloving a change of plaster with manipulation of the fracture, the temperature rose to I03'4°. Blood culture Nvas negative. There was never any enlargement of the spleen or evidence of metastatic infection. Sulphathiazole wvas given, I grm. intravenously for four doses and then I grm. orally four-hourly., The total dosage employed was 26 grm. The temperature fell within twenty-four hours to 9902, and never rose subsequently above this level.
The wound infection gradually improved. X-rays showed osteomyelitis of the fragments of the radius and ulna with sequestra.
Toxic symptoms dute to the druig.-The patient complained of headache and vomited after each injection. A rash resembling erythema nodosum appeared on the legs and arms, but subsided after twenty-four hours. The urinary output and urine were normal. The white cells fell from I5,000 per c.mm. to 4,50o after three davs; five davs after ceasing treatment, the white cell count rose again to 12,ooo per c.nim.
Estimation of the drutg in the blood.--Figures ranged from o-8 mgm.0% to 3-3 mgm. 00. Case 2.-S. P., male, aged I2. This patient had acute osteomiyelitis of the lox-er end of the humerus wvith a sterile effusion in the elbow-joint. Blood culture was negative. The arm wvas placed in plaster. Sulphathiazole was given I grim. four-hourly up to a total of 48 grm. At the end of this period the temperature had not fallen. The plaster was removed and a large abscess was found, which on being incised was seen to extend down to the back of the humerus. Staphylococcus aureus wNas found in the pus. The temperature then fell and was normal within a few days. An X-rav of the elbow-joint showed no bony disease. There was no leucopenia during treatment and no toxic symptoms due to the drug. The drug in the blood show-ed levels ranging from i-6 mgm.% one hour after i grm. of the drug to negligible amounts four hours after a similar dose. The urine remained normal.
Case 3.-B. C., male, aged 8. This patient had acute osteomyelitis of the upper end of the femur. The hip-joint was not involved. The blood culture was sterile. He was treated in a plaster spica. Following sulphathiazole therapy, I grm. intravenously, followed by I grmi. four-hourly by mouth up to a total of 8 grm., the temperature rose from 99-6 to 102-2. The dose was increased to 2 grm. four-hourly and a further 8 grm. wvas given, but the temperature remained high. The drug wx-as then given intravenouslv in doses of I grm. four-hourly, and as the child was very ill, the upper end of the femur was explored, but no osteomyelitis was found. Intravenous therapy was continued for six doses and the temperature fell at the end of this period to o8 8°, never subsequently rising above 99g4°. The child recovered completely. X-rays of the femur show-ed no definite evidence of osteomyelitis. No abnormal physical signs w-ere found in any other system. The total dosage of the dru,, employed w-as 40 grm. The blood sulphathiazole estimations varied from 2-I mgm.% after I grm. of the drug orally, to 4-4 mgm.% after 2 grm. orally and 5-5 mgtn.l. % half an hour after I grm. intravenouslv. The white cell count fell from 2I,500 per c.mm. to 6,500o per c.mm. fortv-eight hours after commencing therapy, but rose to I7,000 per c.mm. four days after stopping the drug. There were no other toxic drug synaptoms.
Case 4. E. S., male, aged I9. This patient had a Brodie's abscess at the lower end of the femur, wvhich vas explored and drained. Staphylococctus aitreius wvas found in the pus. Following the operation the temperature rose to Io0-8. Trhe blood culture was negative. Sulphathiazole therapy was carried out, I grn. intravenously followed by 2 grm. four-hourly orally for four days. The temperature gradually settled down and was normal twNo days after ceasing drug therapy The local condition impro\ ed satisfactorily. There was no leucopenia and no toxic drug symptoms. Blood sulphathiazole reached a maximum of 5-4 mgm.I/,. Case 5.-J. B., female, aged ii. Acute osteomyelitis of the ilium xvith suppurative arthritis of the hip. A blood culture grew Staphylococcus auzreuts. This girl had had rheumatism and there was evidence of rheumatic mitral disease. A plaster spica wvas applied and sulphathiazole therapy instituted. i grm. w-as given intravetiously and followed by I grm. four-hourly for three days up to a total of i8 grm. After an initial fall of temperature from I04-2°to 98-4°after tN-elve hours,. the temperature rose again. The dose of the drug was increased to 2 grm. four-hourly so that at the end of six days 44 grm.-had been given. The blood culture remained positive, and there was no permanent fall in temperature. On removing the plaster a large abscess A-as discovered, which oni incision w as found to extend on to the outer side of the ilium. 'rhe pyrexia continued despite drainage. A second course of sulphathiazole, 22 grm. in all, was given, but no improvement resulted. The hip-joint was. then aspirated and pus discovered. The joint was then drained. As pyrexia continued a third course of the drug (12 grm.) was given, but this was stopped as there was no abatement in pyrexia. Signs of bronchopneumonia appeared. Followving blood transifusion and staphylococcal antitoxin, there was a definite improvement with a fall in temperature. The pyrexia, however, recurred, and a course of sulphapyridine (25 grm.) was tried without any material alteration in the patient's general condition. The patient has since shown gradual improvement. The pulmonary symptoms have subsided and there have been no metastatic abscesses or evidence of bacterial endocarditis. A recent blood culture was negative. The urine has-remained normal, apart from a faint trace of protein. The white cell count fell from I4,000 per c.mm. to 6,ooo at one stage, but rose again to IO,OOO after discontinuing treatment. The blood sulphathiazole level rose to 2-3 mgm.% on I grm. doses, and 5-8 mgm.% on 2 grmi. doses of the drug. Pus from abscess contained only I 3 mgm. /o of sulphathiazole. Case 6.-B.W., male, aged So. A case of acute osteomyelitis of the femur with one metastatic abscess of the thigh and another in the knee-joint. The patient later developed a pathological fracture at the lower end of the femur. The blood culture was negative. A course of kiton green resulted in no improvement, and blood transfusions produced only temporary benefit. Sulphathiazole therapy was not introduced until late in the disease, i.e. not until after the drainage of the original focus and of the metastatic abscesses. Staphylococcus aureus was present in all of these,. Sulphathiazole was given, i grm. intravenously for six doses and then 2 grm. four-hourly by mouth. The pyrexia declined and the general condition improved. There were n,o toxic drug symptoms. The assessment of the value of the drug in this case Was complicated by the fact that the patient had recently developed a pathological fracture at the lower end of the femur, which was immobilized in a Thomas's splint just prior to commencing treatment with the drug. Blood sulphathiazole levels varied from 2 mgm.% to 8-3 mgm. %.
Case 7-S. D., female, aged 7I. A case of carbuncle of the chin and lower lip. This patient wvas very ill with pyrexia (IO2-I0o4°) before commencing treatment. The blood culture grew Staphylococcus albuts repeatedly and the same organism was also grown from the carbuncle. Her blood urea was 96 mgm.%. She received 56 grm. of sulphathiazole over a period of one week, commencing with i grm. intravenously for three doses together with 2 grm. orally four-hourly. The temperature became normal within forty-eight hours and remained so. Repeated blood cultures remained positive until a few days after the drug was stopped. Two days after commencing treatment, the patient developed a pleuropneumonia, and later a serous effusion was aspirated, w hich grew the same organism. The carbuncle itself increased somewhat in size for several days, and then the condition cleared up and the patient is making a satisfactory recovery. No leucopenia developed. The blood urea became normal. The urine apart from a few casts showed no abnormalities. Blood sulphathiazole levels varied, but rose to a maximum of 13-2 mgm.% after 2 grni. of the drug. Case 8.-H. L., female, aged 24. A carbuncle of the upper lip. This cleared up after treatment with 44 grmi. of sulphathiazole. The blood culture was sterile. The carbuncle increased somew'hat in size and the temperature remained high for several days during treatment. The carbuncle subsided w-ithout the formation of sloughs and with very little purulent discharge. The patient developed a rash resembling ervthema nodosum and the white cell count f-ell from 21.000 per c.mm. to 6,ooo.
Cases 9, IO, I I.-Three cases of facial carbuncle, twvo of the chin and one of the temple. All three had negative blood cultures and all cleared up satisfactorily on sulphathiazole therapy.
Conclusions
Two cases only had positive blood cultures (Nos. 5 and 7). In both of these the culture remained positive whilst the patient was receiving the drug. Case 5, despite persistent pyrexia and the rheumatic mitral lesion, did not develop any metastatic abscesses oi bacterial endocarditis. Case 7, despite her age and raised blood urea, recovered with the development of only a serous pleural effusion. Case 3, who was clinically a typical case of osteomyelitis, cleared up with no resulting abscess or sequestrum formation. In most of the cases, however, sulphathiazole did not appear to have influenced the local source of infection to any extent. Nos. 2 and 5 with osteomyelitis progressed to abscess formation at the site of infection during treatment with the drug. In Nos. 7 and 8, the carbuncle increased in size during sulphathiazole administration. Blood sulphathiazole estimations suggest that large doses are necessary to achieve figures comparable with those of sulphapyridine. The employment of large doses, even in children, was not followed by any marked toxic symptoms. Vomiting was practically absent. There was a tendency to leucopenia in some of the patients, and it is probably safer to employ the drug over short periods only with frequent leucocyte counts. It is quite probable that the optimum action of the drug is obtained in the early stages of its administration.
[I wish to thank Dr. W. Allen Daley, Medical Officer of Health for the London County Council, for permission to treat the above cases.]
